I.
Characterization of catalyst 3
A.
Characterization of catalyst 3 by NMR spectroscopy

The preparation of 3-(benzylamino)-4-(((1S)-(6-methoxyquinolin-4-yl)((2S,4S,5R)-5-vinylquinuclidin-2-yl)methyl)amino)cyclobut-3-ene-1,2-dione (catalyst 3)
To the solution of diethyl squarate (10.0 mmol, 1.702 g) in diethyl ether (10 ml) benzylamine (11.0 mmol, 1.179 g) was added drop wise over a period of 5 minutes at ambient temperature and stirred overnight. A small amount of white powder precipitated which was removed by filtration. 9-amino(9-deoxy)epihydroquinine (11 mmol) was added to the filtrate and stirred overnight at room temperature. The catalyst precipitated and was separated by filtration and washed with diethyl ether (2x 10 ml) to yield 4.424 g (87 % yield). Nuclear Magnetic Resonance spectra (NMR) were acquired on a Bruker DRX-500 (500 MHz) instrument using TMS as internal standard. All assignments of the catalyst 3 are confirmed by 2D-COSY, 2D-HSQC, 2D-HMBC and NOESY measurements.
The structure of the catalyst 3 was determined in CDCl 3 solution by 1 H-and 13 C NMR measurements at 310 and 320 K, respectively. Assignments were confirmed by 2D-COSY, 2D-HSQC, 2D-HMBC and NOESY methods. . 13 C-NMR (500 MHz, CDCl 3 , T = 310? K) δ ppm 167.5 (C-14), 159.2 (C-6'), 148.3 (C-4'), 147.5 (C-2'), 144.6 (C-8'a), 141.5 (C-10), 138 (C-1''), 130.6 (C-8'), 129.4 (C-4a'), 128 (C-2''), 122.3 (C-7'), 120.2 (C-3'), 115.2 (C-11), 102.1 (C-5'), 60.2 (C-8), 56.4 (C-13), 56.3 (C-2), 53.3 (C-9), 48.1 (C-12), 41 (C-6), 39.6 (C-3), 27.9 (C-4), 27.9 (C-5), 25.9 (C-7)
The effect of temperature to the conformation was investigated. Based on the comparison of the 1 H-NMR spectra of catalyst 3 at two different temperatures, it can be seen that the molecule can freely rotate around the C8-C9 bond and the quinuclidine and quinoline ring is sensitive to this conformation changes. The chemical shifts of 13 C NMR signals were obtained and assigned in the 2D spectra on the basis of the cross-peaks discernible. 
B. Characterization of catalyst 3 by X-Ray study
Additionally, the solid state structure of the catalyst 3 was determined by X-ray diffraction. The X-ray crystal structure is in consistence with the structures in solution determined by NMR spectroscopy. On the other hand, it is not sure that the conformer in solid phase determined by molecular packing fully corresponds to that adopted in solution relevant to catalytic activity.
X-ray crystallographic data were collected on a Rigaku R-AXIS-RAPID diffractometer 1 (graphite monochromator). Crystallographic data (excluding structure factors) for the structure in this 
A crystal of SHELX was mounted on a loop. Cell parameters were determined by leastsquares using 21339 ( 6.50  71.50) reflections. Intensity data were collected on a RAXIS-RAPID diffractometer (monochromator; Cu-K radiation,  = 1.54178Å) at 295(2) K in the range 6.538  56. The maximum and minimum residual electron density in the final difference map was 0.18 and -0.19 e.Å -3 .
The weighting scheme applied was
2 )/3. Hydrogen atomic positions were calculated from assumed geometries except H1A, H1B that were located in difference maps. Hydrogen atoms were included in structure factor calculations but they were not refined. The isotropic displacement parameters of the hydrogen atoms were approximated from the U(eq) value of the atom they were bonded to.
ORTEP style molecular structure diagram can be found in Figure 5 , while crystallographic data are in Table 1 . 5 Figure 5 . The crystallographically independent molecule in the asymmetric unit of the crystal 3 with the atomic labelling. Displacement ellipsoids are drawn at the 30% probability level. 
Comparison of crystal structure of molecule 3 and other quinine-squaramide structures from the literature
The molecule 3 stands by the hydrogen bond acceptor isoquinoline and quinuclidine groups, and by the hydrogen bond donor squaramide groups. The aromatic attribution of the phenyl groups and isoquinoline groups are important organiser forces in the crystal lattices as well. Two similar conformation squaramide crystal structures were found in the literature with similar isoquinoline, quinuclidine and phenyl groups 7 , 8 . One of them (UBADUY) 7 has the same R, S, S, S configuration, the case of NOLRIQ 8 the atoms have R, S, R, R configuration.
In the crystal lattices of NOLRIQ and 3 there are hydrogen bonds interactions between the squaramides moieties of the neighbour molecules. These interactions are the strongest secondary interaction in the lattices because of the high acidity of squaramide.
In consequence these contacts are the prime organiser forces in the crystal lattice 9 . In the NOLRIQ there are additional ···F and H···F secondary interactions (Figure 6 .). Figure 6 . The layers of molecules (NOLRIQ) connected by strong squaramides···squaramides hydrogen bonds secondary interaction and an other aromatic layer can be observed in the crystal lattice (showed by using program Mercury10).
In the UBADUY structure a water molecule is connected with N-H···O type hydrogen bonds to the squaramides. Molecule 3, NOLRIQ and UBADUY molecules have similar conformation (Figure 7 .), only the placement of the phenyl rings and isoquinoline rings differ. The phenyl ring turned at the CH 2 atoms by 87(2)°, the isoquinoline group turned by 43(3)°. In absence of the enclathrated solvent the toluene, the phenyl groups turn to the neighbouring isoquinoline groups as it happens in the case of structure of 3. (Figure 9. ). Figure 9 . In the measured crystal 3 the molecules form a layer of alternating molecules connected by the squaramides···squaramides hydrogen bonds, strengthened by  ··· interaction as well.
II. Detailed results of kinetic studies
Calibration of IR measurements
The starting materials and the product were dissolved in CHCl 3 and measured separately by FTIR and a calibration set was carried out. In all case the most intensive and nonoverlapping bands were selected and the calibration factor were determined based on Lambert-Beer's law (A= *c*l). The following bands were selected: Acetylacetone (2) 
B. General procedure for in situ IR experiments
Infrared spectra were recorded with a ReactIR 1000 Reaction Analysis System attached to atmospheric pressure silicon (SiComp TM ) probe head. In situ IR experiments were performed in a three necked 25 ml glass flask. In every 2 minutes 64 scan were recorded between 4000-600 cm -1 , with resolution of 4 cm -1 and the mean was converted to a single spectrum. The reaction was stopped after 1-3 h depending on the conversion. In some cases the spectra were recorded in every 1 minute registering 32 scans. From the selected bands were generated a quick profile of the reaction (Figure 12. ) and the concentrations were calculated based on calibration. Figure 12 . Quick profile of a representative reaction using ReactIR 1000.
C. Method of reaction rate calculation
The reaction rate was generated from the concentration versus time plot by mathematically differentiating the fifth-order best fit polynomial f(t). (Since this is empirical method, df(t)/dt is valid only over the range of reactants for which experimental data was collected) There are three representative plot on Figure 13 . To test the reproducibility of the measurement, three parallel measurements were carried out at same conditions. The deviation of calculated initial rate was 18 %, and this value was applied for further calculations. a b c 
D. Calculation of observed rate constant
The rate equation of this reaction could be written in the form:
Determination the order of the catalyst (3): By measuring the reaction rate at different catalyst loadings (from 0.003 to 0.021 M), it was determined that the reaction is first-order in catalyst 3. The data according to Fig. 3 in the article is presented on Table 2 . The order of the reactants was determined by changing the initial concentration of the given substrate, while the other parameters were kept constant. Accordingly, the rate equation could be further simplified. The apparent rate constant was calculated based on logarithmic transformation.
The order of the nucleophile (2) was determined in the non-saturated regime I. and the reaction rate dependence was found less than first-order in nucleophile concentration. The data according to Fig. 5 in the article is presented on In the same way, the order of the electrophile (1) was determined in the non-saturated regime I, and the reaction rate dependence was found first-order in electrophile concentration. The data according to Fig. 6 in the article is presented on In the same way, the order of the product (4) was determined. In order to investigate the possible inhibition effect of the product, the reaction was monitored in the presence of different amount of the product (R-4) and different amount of enantiomer (S-4). The data according to Fig. 7 in the article is presented on Table 5 . and the data according to enantiomer (S-4) is presented on 
F. Calculation of association constant by NMR measurement using Job plot
The binding constants were evaluated by fitting the data to a 1:1 binding isotherm, and 1:1 binding was verified by Job plot. The binding constants were calculated from the changes in chemical shifts of catalysts protons. Nonlinear curve fitting was carried out with the Solver program in Excel. The binding constants K and the asymptotic change in chemical shift Δδ max were chosen as the free parameters for fitting.
Complex formation of catalyst (4) and acetylacetone (2)
The complex of the nucleophile (acetylacetone, 2) and the catalyst (4) 
